Abstract: Presented study focused on the influence of Cochliobolus sativus isolates origin on pathogenicity towards wheat and barley seedlings in comparison with pathogenicity of certain Fusarium species and Microdochium nivale. The efficacy of fungicide seed treatment against C. sativus was estimated. The C. sativus isolates were collected from different locations and were isolated from wheat, barley and sunflower seeds. The pathogenicity of C. sativus, Fusarium species and M. nivale towards germinating seedlings were expressed as germination (GA) retardation and coleoptile growth rate retardation (CGR). Of wheat only, the CGR was significantly influenced by the isolate origin. The C. sativus isolates obtained from sunflower seeds were the most aggressive. Of the barley seeds, the barley isolates were the most aggressive. Barley was significantly more susceptible to damage by C. sativus isolates than wheat. The pathogenicity of tested fungal species declined in the order: F. culmorum, F. graminearum, C. sativus, F. avenaceum, M. nivale, F. poae for both barley and wheat. The results highlighted high pathogenicity potential of C. sativus equal to that of F. avenaceum and M. nivale. The symptoms of C. sativus on coleoptile and roots were very similar or the same as the symptoms caused by Fusarium species and M. nivale, except of white, pink or red colours. Of wheat sprouts, the fungicide efficacy (FE) against C. sativus declined in the order: tebuconazole + thiram, carboxin + thiram, quazatine, difenoconazole, iprodione + triticonazole (in term of GA) and carboxin + thiram, iprodione + triticonazole, tebuconazole + thiram, difenoconazole, quazatine (in term of CGR). In barley, the FE declined in the order: carboxin + thiram, iprodione + triticonazole, tebuconazole + thiram, difenoconazole, quazatine (in term of GA) and carboxin + thiram, tebuconazole + thiram, difenoconazole, iprodione + triticonazole, quazatine (in term of CGR).
Introduction
Cochliobolus sativus (Ivo et Kurib.) Drechsler ex Dastur(anamorph Bipolaris sorokiniana Schoemaker, syn. Helminthosporium sativum Pam. King et Bakke) is an important pathogen causing common root rot, crown rot (Wordell et al. 2005) , spot blotch (Helminthosporium leaf blight) and black point (Prokinová 1999) in cereals and cereal grains (Gonzalez & Trevathan 2001) . In the seeds, C. sativus induces lesions on the lower leaf sheath and reduces seedling height, seedling emergence, dry and fresh weight of roots and shoots (Gonzalez & Trevathan 2000) . C. sativus and fungi from Alternaria, Penicillium, Aspergillus and Fusarium genera are capable of killing or reducing seedling vigour and have the ability to produce their respective toxins. C. sativus and other grain borne fungi may injure the embryo by producing some toxins which result in germination failures or may reduce seedling vigour in case of germination (Hassan 1999) .
Spot blotch, caused by the fungal pathogen C. sativus, is an important disease of barley in many production areas of the world (Zhong & Steffenson 2001) . Crown rot of wheat is caused by a complex including Bipolaris sorokiniana, Fusarium avenaceum (Fr.) Sacc., Fusarium culmorum (W. G. Smith) Sacc., Fusarium pseudograminearum Schwabe, and Microdochium nivale (Fr.) Samuels et Hallet (Smiley et al. 2005) . However, devastating epidemics of C. sativus are mainly reported from countries with warm climates Fernandez & Jefferson 2004) . Several abiotic stresses in the regions affect the development and severity of pathogen (Sharma & Duveiller 2004; Piccinni et al. 2000) .
The most important factor for the success of a pathogen has not been discovered yet and there is still no major resistance available. Disease severity, disease reaction, and incidence of B. sorokiniana in grains also differed among the cultivars at the adult plant stage (Wordell et al. 2005) . B. sorokiniana is highly variable and very sensitive to environmental conditions, no physiological specialization was observed. The fungus appeared as a continuum of isolates differing in aggressiveness (Duveiller & Garcia 2000) . Spot blotch, caused by C. sativus, is a common foliar disease of barley. Information on the variability of virulence in C. sativus is essential for the production of spot-resistant barley cultivars. Genotypes showed a continuous range of re-K. Hudec sponse from very susceptible to moderately resistant but none was immune to the disease (Arabi & Jawhar 2004) .
As the cereal cultivars are susceptible to Helminthosporium leaf blight, chemical control through seed treatment and foliar fungicides could increase yields (Sharma-Poudyal et al. 2005) . The seed treatment studies indicated that the fungicides tebuconazole + thiram, iminoctadine, guazatine + triticonazole, iprodione + triticonazole, and iprodione + thiram were effective against C. sativus and Pyrenophora teres (Drechs.) (Carmona et al. 1999) .
The objective of this study was to evaluate the influence of the isolate origin on the C. sativus pathogenicity to wheat and barley seedlings, in comparison with C. sativus and Fusarium species pathogenicity and symptoms development, and to evaluate the efficacy of fungicide seed treatment.
Material and methods

Cochliobolus sativus isolates sample collection
The isolates of each C. sativus used in this work were collected from two locations in Slovak Republic (Bučany, Slád-kovičovo) and isolated from wheat, barley and sunflower seeds. The localities are described in Table 1 . The kernels were surface sterilised by shaking for 2 min in 1% NaOCl solution. Then they were rinsed twice in redistilled water, placed on Petri dishes with Potato-dextrose agar (PDA) and incubated at 22
• C under 12/12 photoperiods (4 000 lux). The resulting fungal colonies were isolated, purified and identified by visual and microscopic observation. PDA, and incubation at 22
• C under 12/12 photoperiods (4 000 lux, none UV light) were used for cultivation and identification of C. sativus subcultures. The identification was carried out according to Murray et al. (1998) , and Samson et al. (2002) .
The pathogenicity test of C. sativus isolates The test was carried out with wheat (cultivar Brea) and barley kernels (cultivar Expres), kernels fraction above 2.5 mm. The kernels were surface sterilised by shaking for 2 min in 1% NaOCl solution. Then they were rinsed in redistilled water and air dried. The seeds were inoculated by spore suspension (c = 5 × 10 6 mL −1 ) of C. sativus (10 mL 100 g −1 seeds) and air dried again. The spore suspension was prepared from 10 days old cultures of each C. sativus isolate. After inoculation, 100 kernels per isolate sample (in 5 replicates) were placed on moist filter paper in "germinative" Petri dish (GPD) (50 seeds per dish, diameter = 200 mm). The seeds were incubated for 10 days at 22
• C, 12/12 photoperiods. On the 10 th day, the percentage of germinated kernels was expressed. The coleoptile growth measured after 10 days was used to determine the growth rate (mm day −1 ) and the results were expressed as a percentage of coleoptile growth rate retardation (CGR), relative to control seedlings (uninoculated seedlings, incubated in the same conditions). Achieved results were evaluated by Analysis of variance, Tukey test, P = 0.05.
Estimation of C. sativus and Fusarium species pathogenicity and symptoms development
The symptoms development observation and CGR estimation were carried out by the test according to modified Brennan et al. (2003) . The kernels were surface sterilised by shaking for 2 min. in 1% NaOCl solution. Then they were rinsed in redistilled water and air dried. The same amount of PDA (30 mL) was dosed in each "testing" Petri dish (TPD). The TPDs were inoculated by C. sativus -isolates BB2, BB3, S3 and BB4; F. graminearum, F. culmorum, F. avenaceum, F. poae (Peck) Wollenweber and Microdochium nivale -4 isolates per species, and incubated until overgrowing the whole agar surface. The isolates of Fusarium species and M. nivale were obtained from Collection of fungi of the Department of Plant Protection (Slovak Agricultural University in Nitra). Consequently, 10 wheat/barley kernels were placed on the agar surface in each TPD. The kernels were lightly pressed to contact with the agar. TPD with kernels were incubated for 10 days at 22
• C. The symptoms development was observed and the coleoptile growth measured after 10 days and was used to determine the coleoptile growth rate (mm day −1 ). The results were expressed as percentage of coleoptile growth rate retardation, relative to control seedlings (uninoculated TPD).
Seed treatment and evaluation of fungicide efficacy
The test was carried out with wheat and barley kernels inoculated by spore suspension of the isolates BB2, BB3, BB4 (determined as the most pathogenic ones in pathogenicity test), and S3 as above. Then the seeds were dressed by fungicides in dosage recommended by manufacturers ( Table 2) . The seeds were air dried, placed in GPD (as given above) and cultivated for 10 days at 22
The germinated kernels and coleoptile length measured after 10 days was used for calculation of the efficacy of particular fungicides against particular species, relative to control seedlings. According to the evaluated parameters, the fungicide efficacy was expressed as FE-G (fungicide efficacy of kernel germination) and FE-CGR (fungicide efficacy of coleoptile growth rate). 
Results
Influence of host and isolates origin on pathogenicity of the species The effect of C. sativus, Fusarium species and M. nivale inoculation on symptoms development, germination activity (GA) and coleoptile growth retardation (CGR) was analysed with respect to host and the origin of the isolates.
The results are shown in Tables 3 and 5 . In term of GA of wheat, there was no significant influence of isolates on decreasing of kernel germination observed. The CGR was significantly influenced by the isolate origin: the most aggressive were the isolates obtained from sunflower seeds. Of the barley seeds, the isolates obtained from barley and locality Bučany were the most aggressive. The average decreasing of barley germination after inoculation was equal to that of the wheat kernels. The barley seedlings were significantly more damaged than those of wheat by certain C. sativus isolates. A higher level of CGR was observed by barley than by wheat kernels.
Concerning the average of the tested isolates, F. culmorum was the most severe pathogen towards coleoptile development of wheat and barley (Table 5) . The pathogenicity of the tested species towards CGR of barley and wheat declined in the following order: F. culmorum, F. graminearum, C. sativus, F. avenaceum, M. nivale, F. poae.
F. culmorum and F. graminearum were the most aggressive pathogens to both hosts. The medium severity was estimated by C. sativus and M. nivale. F. poae was the weakest pathogen of both hosts. Barley showed higher susceptibility to C. sativus than wheat. Wheat was more susceptible to Fusarium species and M. nivale than barley.
The symptoms of C. sativus observed on coleoptile and roots were very similar or the same as the symptoms caused by Fusarium species and M. nivale, except of white, pink or red colours of mycelia (Table 5) .
Effect of fungicide seed treatment on pathogenicity of C. sativus isolates The efficacy of fungicide treatment was high at both the markers -GA and CGR, ranging from 88.42 to 100% (Table 4 ). The FE was higher by fungicides with two (FE-CGR) . In barley, the FE declined in the following order: carboxin + thiram, iprodione + triticonazole, tebuconazole + thiram (all fungicides on the same level -100%), difenoconazole, quazatine (FE-GA) and carboxin + thiram, tebuconazole + thiram (both on the same level -100%), difenoconazole, iprodione + triticonazole, quazatine (FE-CGR).
Discussion
The in vitro test was used to determine host sensitivity and pathogenicity of certain C. sativus, Fusarium and M. nivale isolates to wheat and barley seedlings and fungicide efficacy of selected fungicides against certain C. sativus isolates. The results seem to be useful for practical control measurement, because the C. sativus pathogenicity can be limited for cereal growing in warm conditions Fernandez & Jefferson 2004) and can be used for prediction for seedling damage via seedling pathogenicity test (Mesterhazy 1984) . The pathogenicity test highlighted the variation among C. sativus isolates and host interactions during kernel germination, which is in agreement with the results of Duveiller & Garcia (2000) . The greatest pathogenicity of the tested species towards seedlings was achieved by F. culmorum and F. graminearum relative to uninoculated control seedlings. The results also showed that F. culmorum and F. graminearum caused the greatest CGR, without significant influence of host (barley or wheat). The medium pathogenicity was found out in C. sativus, F. avenaceum and M. nivale. The results are in agreement with Brennan et al. (2003) who reported medium pathogenicity of M. nivale towards wheat seedlings. The analysis of our results showed that particular factors such as species, isolates origin and hosts were the most significant contribution to the variation observed in M. nivale and F. avenaceum. The occurrence of pathogenicity variability influenced by the host suggests that the pathogen-host interaction is highly complex (Doohan et al. 2003) due to existence of indirect (Walker et al. 2001 ) and direct relationship between in vitro growth and in vivo pathogenicity of some Fusarium species (Bai & Shaner 1996) . The results highlighted high pathogenicity potential of C. sativus equal to F. avenaceum and M. nivale pathogenicity.
The symptoms of C. sativus observed on roots, coleoptile and leaves is the same as of Fusarium species and M. nivale, except of the colour of the mycelium cover. In the seeds, C. sativus induces lesions on the lower leaf sheath and reduced seedling emergence and height, dry and fresh weight of roots and shoots (Gonzalez & Trevathan 2000) . The similarity in the symptoms is probably the reason for the C. sativus damaged seeds being determined as Fusarium damaged kernels in agricultural practice, because of common association of C. sativus with Fusarium species. Crown rot of wheat is caused by a complex including C. sativus, F. avenaceum, F. culmorum, F. pseudograminearum, and M. nivale (Smiley et al. 2005) . C. sativus plays a significant role in the seedling damage (Gonzalez & Trevathan 2001) and in the occurrence of black point symptoms on barley kernels too (Prokinová 1999) . The seed treatment by fungicides against C. sativus isolates showed higher efficacy and protected the barley and wheat seeds safely against conidial infection. The high FE of iprodione + triticonazole, tebuconazole + thiram and thiram are in agreement with the results of Carmona et al. (1999) .
